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RADIOACTIVE MINERAL SPRINGS IN DELTA COUNTY, COLORADOl/
By Robert A. Cadigan, J. Karen Felmlee, and John N. Rosholt

Abstract

The system of springs in Delta County, Colo., contains geochemical
clues to the nature and location of buried uranium-mineralized rock.

The springs, which occur along the Gunnison River and a principal
tributary between Delta and Paonia, are regarded as evidence of a still-
functioning hydrothermal system. Associated with the springs are
hydrogen sulfide and sulfur dioxide gas seeps, carbon dioxide gas-
powered geysers, thick travertine deposits including radioactive
travertine, and a flowing warm-water (41°C) radioactive well.

Geochemical study of the springs is based on surface observations,
on-site water-property measurements, and sampling of water, travertine,
soft precipitates, and mud. The spring deposits are mostly carbonates,
sulfates, sulfides, and chlorides that locally contain notable amounts
of some elements, such as arsenic, barium, Tithium, and radium. Samples
from five localities have somewhat different trace element assemblages
even though they are related to the same hydrothermal system. Al1 the
spring waters but one are dominated by sodium chloride or sodium bicar-
bonate. The exception is an acid sulfate water with a pH of 2.9, which
contains high concentrations of aluminum and iron.

Most of the detectable radiocactivity is due to the presence of
radium-226, a uranium daughter product, but at least one spring pre-
cipitate contains abundant radium-228, a thorium daughter product.

The 5:1 ratio of radium-228 to radium-226 suggests the proximity of

a vein-type deposit as a source for the radium. The proposed locus

of a thorium-uranium mineral deposit is believed to lie in the vicinity
of Paonia, Colo. Exact direction and depth are not determinable from
data now available.

/Based on talk given at the U.S. Geological Survey Uranium and
Thorium Research and Resource Conference held December 8-10, 1975, at
Golden, Colorado.



Introduction

As part of the effort to evaluate the potential uranium
resources of the United States, the U.S. Geological Survey has begun
to study the sources of a group of conspicuously radioactive sedi-
mentary rocks which occur at the surface of the Earth. These rocks
are the radioactive travertines and associated mineral precipitates,
and their immediate sources are the so-called mineral springs.

Mineral springs, both hot and cold, have been valued for their
therapeutic effects for thousands of years. Many towns in Europe
and the United States began as resorts connected with springs or
baths and even named themselves after these reputed health-giving
waters. During the 18th and 19th centuries, it became fashionable
to spend a vacation at a "spa," "bad," or "bath" at a spring resort.
The result of this economically important fad was that even before
geologists became interested, nearly all mineral springs in the
United States had been found, recorded, and examined for general
composition, taste, and health-giving properties.

Among the more obscure mineral springs valued locally for
their medicinal properties are those near Austin in Delta County,
Colorado (fig. 1). Investigation of the Austin springs by the authors
led to a study of the area from Austin eastward along the Gunnison
River and the North Fork of the Gunnison River. The main product of
this study was the recognition of an old, but still functioning,
hydrothermal system with surface manifestations from Austin to Paonia;
many cold mineral springs and seeps along the river between Austin
and Hotchkiss, two cold carbon dioxide geysers, sulfurous gas seeps,
extensive travertine deposits including radioactive travertine, and
a 500-metre-deep flowing well of warm COz—gas-charged radioactive water.
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The investigation was begun when two analyses of water from
springs in the Austin area by P. R. Barnett and E. C. Mallory (written
commun., 1972) were brought to our attention by A. E. Bush. R. P.
Fischer recommended a visit to Sulfur Gulch to check the observations
of M. G. Dings (1949). A review of the literature on mineral springs
in Colorado revealed that W. P. Headden (1905 and 1909) had described
springs near Austin and at Doughty Springs and had reported the
presence of the Col. Chinn well near Paonia.

General geology

The geologic setting of this hydrothermal system is typical
of the Colorado Plateau. The surface is composed of flat-lying Mancos
Shale of Cretaceous age overlain in places by Quaternary terrace
gravels derived partly from sources to the east and partly from
Grand Mesa to the north (figs. 2 and 3). Underlying the Mancos,
the Dakota Sandstone and Burro Canyon Formation of Cretaceous age
and the Morrison Formation of Jurassic age are exposed in canyon
walls along the Gunnison and its tributaries. The Burro Canyon
Formation is present at Austin but thins eastward and pinches out
in the vicinity of Sulfur Gulch. South of the study area, other
Jurassic sedimentary rocks--Junction Creek Sandstone, Wanakah Formation,
and Entrada Sandstone--are exposed overlying Precambrian metamorphic
rocks in the Gunnison River canyon. At most localities, the mineral
springs emerge from the basal contact of the Dakota Sandstone or from
parting planes in the Dakota Sandstone or in basal sandstones of the
Mancos Shale, but at Austin a major monoclinal fold produces a faulted
and fractured zone in basal Cretaceous rocks from which the springs
and seeps emerge (fig. 4).
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Burro Canyon
Formation

Morrison Formation

Junction Creek Sandstone

Wanakah Formation

Entrada Sandstone

Granite and gneiss

Quaternary

Cretaceous

Jurassic

M/\/‘M’\/NW—

Precambrian

Vertical

Scale
=10 metres

L 25

L 50
L 75
L 100

L 125

1150

Figure 3.--Diagrammatic stratigraphic column for study area. (Modified from

Mullens, 1950.)



























Table 1.--Analyses of spring deposits in Delta County

[A11 data are in parts per million. All elements except sulfur, mercury,
and equivalent uranium were determined by semiquantitative spectrographic
methods. Asterisk indicates arbitrary values chosen for factor analysis
where the amount of element in the sample was beyond the detection

Timit; lower Timits are shown in column headings; upper Timit was

10 percent. Samples are shown in the order they are in the reordered
oblique projection matrix of the 7th rotation of the Q-mode factor
analysis; this ordering shows the seven factor groups as well as those
samples that have a negative covariance with the other samples in the
group. Elements looked for but not found in any samples are given here
with their detection 1limits in parts per million: Ag, 0.5; Au, 20; Bi,
10; Cd, 20; Ce, 150; Hf, 1; In, 10; Nd, 70; P, 2000; Pd, 1; Pr, 100;

Pt, 30; Re, 30; Sb, 150; Sm, 100; Sn, 10; Ta, 200; Te, 2000; Th, 200;

T1, 50; U, 500; W, 100; Zn, 200. Some samples were analyzed for chlorine;
CD5888 has 28.5 percent C1. Sample localities: DS, Doughty Springs;

SG, Sulfur Gulch; AS, Austin Springs; G, the geysers; FH, Hotchkiss
National Fish Hatchery. Analysts: L. A. Bradley, R. B. Carten, J. G.
Frisken, V. James, J. C. Negri, H. G. Neiman, V. C. Smith, M. Solt,

Z. C. Stephenson.]
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TaADLO 3, —ADB. r2085 Vi DPi ANE WUPUIALD st =wmowa —wmie vy e =
Iron Yapneatn Calcium Titaniun  Manguneoaa Arsonio Boron Bariun
Saaple Sample latitude Longitude  (Fo) (ve) (Ca) (11) (*n) (Re) (B) (Ba)
. loe. 500 200 500 2 10 1000 20 2
. CD610Y DS 30,7700 107,7589 500 3000 200000° 13 5000 LY {® 200000°*
CDsYyy IS 38,1700 107,7%89 LI S00u 200000° 10 SU00 so* 1*  looovoe
co%991 IS 38,7700 107,7389 1500 §000 200000°® 20 Jouo 0 1 Fu000
Cco6108 IS 39,7700 107,7569 1500 8000 200000°% Y] S0V0 soe se  20V000e
Cosvse IS 38,7700 107,7589 Jooo 1000 200000° 20 2000 so* e 10000 _
Cos110 DS 38,7100 107,75¢9 700 7000 200000 LY1] 5000 80" §e 0000
Cos9s¢ DS 3d, 1700 107,709  3oov 5000 200000" 3 L TT] 80" 1e 70000
CosS9¥6 DS &,11700 107,7589 1000 . S000 ‘200000* S0 Jooo0 So% be 10000
CD6109 DS 36,7700 107,7589  1u00 10000 200000 70 oo 50® be 50000
Cp6103 DS 38,7700 107,7586¢9 1000 7000 290000* 10 3000 so® i Jovo
CDsY¥99 IS 3V, 7700 107,7589 300 10000 200000°% 30 3000 50¢ |- 1 80000
co6102 DS 38,7700 107,7589 500 5000 200000° W% 3000 s0® 1e 2000
CD6106 DS 38,7700 107,7589 300 7000 200000* Wi S00Q S0¢ LR Juoo
CD5989 . DS 38,7700 307,7589 500 15000 20vo00" 10 2000 so" 8 70000
cpé10oy IS 38,7700 107,7589 1000 10000 200000* 10 2000 50% L 3Joo
Cos105 DS 38,7700 107,7589 1000 7000 200000" 3o 7000 50 LN 18000
cp5v0) SG 36,7889 107,8412 7000 7000 200000 1000 00 s0% 30 300
CDsS882 AS 30,7633 107,9367 30000 7000 70000 1500 200 sow 50 Joo
CDS9i8B SG 36,7889 107,8412 20000 7000 70000 1500 150 S0 100 ° 800
COS6ES AS 38,7833 107,9367 2000 7000 2v0000° 1500 500 50¢ i) 200
COS917A SG 38,7669 107,6412 15000 7000 200000 * 1000 1000 B0 30 150
CDS5918A SG 38,7889 107,8412 20000 10000 Tv000 1500 200 S0 100 200
cD5%912 SG 38,7869 107.8412 15000 7000 70000 00 500 0 100 150
CDS913  SG 38,7889 107,8412 15000 10000 200000" 1500 3oo S0# 20 300
CD59178 SG 38,76&9 107,8412 15000 10000 200000% 1000 1500 50 % 30 150
C06191A G 36,7811 107,9306 15000 5000 200000 ® 150 500 2000 70 150
C06183 G 38,1811 107,9306 30000 2000 200000" 300 700 2000 150 S0
€D6179 G 38,781} 107,9306 20000 5000 200000* 300 700 1000 100 100
CD63181 G e, 7818 107,9306 20000 3000 200000* 200 700 2000 50 70
C06190B G 38,7831 107,93u6 15000 5000 200000 ® 150 500 2000 70 150
CD6180 G )8,78)) 107,9306 20000 3000 200000% 200 700 2000 50 70
CD6190A G 36,7811 107,9306 15000 $000 200000 300 500 1500 EY) 70
C0618% G '38,781) 107,9306° 20000 7000 200000% 70 S00 7000 150 $0
CD6193B G 38,7811 107,9306 10000 5000 200000% 200 %00 1500 80 3o
CD6182 G 38,7811 107,9306 15000 3000 200000 % 200 500 200" 50 ?O
Co6188 G 38,7811 107,9306 10000 10000 200000 % 100 Jo0 1500 150 20
CDS5Y91 FH 38,7728 107,7944 5000 150v $000 1500 30 C8pe 20 2000004
CDS979 FH 38,7728 107,7944 3000 1000 3000 1500 20 LY sS4  200000%
CD6218  FH 38,7728 107,7944 5000 1500 1500 2000 20 s0°* 30 100000
CUs93 1S 38,7700 107,759 15000 5000 100000 700 2000 so* 150 200000 %
€06217 DS 30,7700 107,7586¢% 2000 100 70000 200 1000 so* 5% 200000
CDSY82 Dps° 36,7700 107,7569 20000 2000 200000 © 700 2000 50" 100 200000
CD%978  ¥H 36,7728 107,.7944 5000 1500 . 1000 3000 50 LR 3 Joouo
CD6215 1S 38,7700 107,7589 1500 5000 200000% Jvo - 1500 50% 5 200000%
c05902 sG 38,7869 107,8412 100 1000 1500 10 7 S0 1s oS0
Cps5990 DS 38,7700 107,7%89 1500 700 - 50000 150 | 300" . 50e .3 7000
€05985 DS 38,7700 107,75¢9 700 200 5000 50 50 - Sow 1e 100000
COS888 1S 38,7833 107,9367 700 2000 2000 - 50 20 Sor 150 15
CDS980 FH 38,7728 107,7944 700 10000 200000% 10 500 s0% 5« 1000
C0598§ FH 36,7728 107,7944 500 15000 200000% 50 100 S0% n 1000
CD5908  SG 38,7889 107,8412 5000 $00 200000% Jo 10000 50 % 1+ 10
CU6176 AS 38,7833 107,9367 1500 7000 200000% 200 Jooo 50% 1e 200
CD5890 ° 4S 38 7833 107,9367 5000 7000 200000" 700 Jvoo SO= 3 15
C059310 sG 36,78E9 107,8412 5000 3000 200000w 150 1500 sow Su 70
CDP59v7 SG 36,7869 107,8412 S0U00 $000 2006000 200 2000 S0w 30 160
C05%08 sSG . 38,7689 107.,8412 30000 To00 200000% 200. 1500 50« Sv 1o
CD5911 SG = 38,7869 107,8442 2000 5000 200000 % 200 1500 S0s Bw %0
C05914  SG 38,7869 107,8412 5000 7000 200000+ 100 1500 S0 Se 160
cOS9%4  SG 38,7689 107.8412 Juo0 7000 200000% 700 2000 SO 50 Joo
C06177 AS 36,763) 107,9367 2000006 5000 200000 500 10000 1800 100 300
co5977  FH 38,7720 107,7%44 20000 S000 500 3000 0 so® 70 20000
CO8Y87 D3 36,7700 107,7589 1000 15000 200000" 70 3000 so* |- 5 J0000 -
CosE91  as 38,7833 107,9367 7000 80600 2uo000* 300 2000 s0°® 30 1500
CD58¥9  £S 38,7633 107,9367 1000 400 200000" 300 Jooo s0% 30 . 300
€0399%98 DS e, 7700 107,7589 30000 15000 = 2000u0" 111 Jovo o S0 1500
coétvo IS 38,7700 107,7589 2000 13600 200000" 10 3e00 so* [ 3 15000
C06137 DS 38,7700 107,7569 200 10000 2000v0" 10 Juoo 50" 30 100000
Cpér04 DS 38,7700 107,75869 Juo 100600 200000" 1] Jvo0 so* F 8 3000
c0s%06 S5 38,7889 107,8412 50000 5000 200000 %00 1500 sp* 20 200
€D062)6 DS 38,7700 107,7589 70000 800 JoGo 1000 700 s0* 150 700
CcuUs9YY2 FH 36,1748 107,7944 70000 Joo0 20000 1800 800 s0" 5 2000
CDE6B 4 AS 30,763) 107,936 30000 5000 30000 1500 200 50 30 Jop
cOS892 aS 36,7633 107,9367 1500 - $000 200000° 200 150 so* 1* 19
cue18? ¢ 38,7041 107,9306 310000 5000 200000° 700 $00 so* 1e 200
CD6172 13 36,7933 167,9367 700 16000 200000" 80 10000 so* 14 70
co61¥e ¢ 30,7811 107,9306 15000 3000 2000v0" so0 700 s50* 1e 180
Cv6173 43 34,7833 107,9307 Jov 10000 2000uu" 10 100V so* 12 100
_CO6178 43 2¥,743) 107,%367 150 16000 200000" s 8600 so" 0 W
CLE1TI0 43 3v,70)) 107,¥367 10060 20900 2000v0° 100 LX) so0” 3 100
CDé174 3 36,743 107,¥387 Joo 7000 200000" [ ] 5000 so* R 20 /5



Table

le—Analyses ©1 SPTing 06POS1ILE 1N #0118 LOUNLY =~wuilbisiuvu

Borylliun Cotmlt Chrondun Coppor Lanthamum Molyhianum Niobiun Nickal Lead Scnndiwn
Sample (Bo) (co) (cr) (Cu) (La) (Mo) (Nb) (N1) (b) (3¢)
1 3 1 1 30 3 10 5 10 5
€D6307 18 15" 1 2" 1,5° s 5" 2t o5 70
CusY9S 13 %" H 2" 1.5" 18" 5" 2" 0" 70
cos997 20 o8 b 2" 1,8° STy o a’ 8 10
CD6108 20 W5 1 2° 1,5° W18 W0 2 B 100
cvsyve 10 W5 2 S 1,5 % Wibe WS N W8 70
co6130 13 W18 1 R 1.5+ 3 5 '3 W8 10
COSYHD 10 W50 1,8 W20 1,8 W18 S e o5 $o
c05986 7 038" 1,8 2 1," s B 2t o5 80
Cco6309 10 15 2 2" 1,8° 18" 5 2" X 70
€D63103 10 W5 1 2" 1,5 W18 ® W5 a2 6 10
cDs999 10 TR 1 2" 1,5 J15* e 2 St 8o
co06302 10 W15 ] W05 1,5 ¢ W15 X 2" X 150
€06100 20 W15 2" W05°® 1,5 SLE S 2 N X 80
CDsSY89 7 A" 1,5 2" 1,5° 18" N 2" Ny Jo
,Co6101 5 st 1 02" 1,5 W15 W5 2" 8t 20
C0640S 20 a5t 1 2" 1,5* W18 ¢ - 2" o5 80
05903 ,05*® W1 30 7 1,5* 7" 2e 20 15 N ]
CoSEB2 2 o 1° 30 15 7% 1 P 15 50 20
€05918B 7 7 70 20 50 3 P 1% 20 15
cp588t 3 01" 30 10 7% 1 r 10 30 Yo
C05917A 10 5 30 ? 7% o1 Pl 15 10 20
CD59)8A 10 7 50 30 So b ] Fid 1% 15 15
c05912 20 7 20 ? 7e L) 2e 10 15 20
cos913 . L05® 7 3o 10 7% W18 ¢ rl .15 15 7
co59378 13 -7 3o 5 7 15@ S5 10 10 20
CO6191A 10 W15 2 b 1,5« X W5 2 ® X X
06383 S0 W15 2 1 1,5+ 3 WS N X 3
Co6179 30 W15 2 2 1,5+ 3 S 2 5w 0.
€0638] 20 Wi5e 2 3 1,5* 10 oS 22 WS T
c061908 10 L15* 2 ] 1,6 % ] 5 1 1. 4"
CD6180 0 W15 2 3 1,5* .15% W5 2" S wa
CD6190A 7 ,15° 2 1,8 1,5* ? S $2° S 2
CD6189 50 W15% L05° 2 1,5 .1 X 2 W5 02 *
C06191B 10 W15% H 2 * 1,5* W15 X 2t o5 2
co6182 15 W15 2 2 . 1.,5% 3 5 WS N
co6188 15 J15% [05% 2" 1,5* 6 S 3" S Y A
cosy9y .2 18 30 3 1.5% W15* 2 FE W5 30
€05979 ,05® W15 30 3 7 W18 s W2 10 20
cD6218 L05¢ L15¢ 30 ] 7% $15% P 02" 10 15
CDS98) 20 15" 13 ? 1,5¢ W15 S 1 10 100
€063237 3 W15* 2 2 1.5¢ W15 5" 2* o5 10
CcDS982 15 ,15% 15 15 1,6* W15* ot 1 10 100
cos97¥ 3 A% 30 7 * 15® at L is 20
€P6218 1% .15* H 1,8 1,%° W15% LN 2° 5" 100
cDs903 L05* ,15* 1 . et ©145° W15 A 2" S Y
€D5990 - 1,5 W15 A T 3 1,6* o15* 5 2" S 10
cD5988 ,08% W15* 1,8 1. 1,5%* W15 WS 2" 3 5
41111} ,05*% 15" 1,5 1 1,8° 15" " 1+ " 2
cosveo 205* W15 2 Y 1,5* 15 oS 2" 3" 2®
4132 7] 05% ,15% 2 ) 1 1,8* L LA St 2t L. it
4T3 111 $05* ST LI T 2" 1,8* T L 2" 3 2"
€D6176 ? W35 5 1,8 1,5* 18 W5 2" LA 100
cosE9o 7 L15* 18 3 1.,5¢ 0159 o5 i 18 70
c05930 18 W15% ] 2 1,5 2105 oS ] T 5 ® 6o
c0s907 30 W7 7 3 1,5% 5t 10 W5 50
¢cos5908 15 o1 10 3 1,5°" 15" 5 7 5 is
€0s911 13 W15% 7 3 1,5% ,15* o 1t S 76
CD5914 10 W1t 7 2 1,5¢ P 15% oS 1* R X Jo
CD5994 30 15% 20 7 1.5* 015° W5 ] 2, 100
€06177 ? W1 ? 2 1,5% $15% W5 L 10 100
05977 . 2 A5 % 70 15 70 10 10 ? 20 15
cos987 1 15 J 1,5 1,50 2150 3 2 WS 30
(413329 3 15 ® .1 3 1,5 W15% 5" 1 5™ 3o
CO5uB9 s W15 7 ) 1,5¢% ’15¢ S5 5 5 Jo
co5v98 15 15 * 1 2 1,%* o15% o5 2 o s0
06100 10 .15 1,5 2%, 1,5+ L15¢ WS b2 B 80
cu613? 7 W15 ® 1 20358 1,5¢ o150 Wb N WS 3o
CL6104 13 W15 ® 1 L08® 1,5+ p15¢ WS L . X 70
cus906 30 L 15 7 7. 3 2 18 2 %0
€06316 10 80 20 18 7. ? R 1. 30 {5
€0s¥932 2 S 20 30 1,50 3 2. 15 is i
COoSbu4q . 3 s, 20 20 7. $0 2. 15 20 )
CDSE92 1,9 W15 e ? 2 1,8~ eiBe 3 1= T o8 30
cCo6167 7 g30 ® 10 [ 4 1,9 Y X "X 2% 10 - X'
c06172 7 W15 ® 1 1,8 1,8« 0150 X R X 70
Cob1U8 10 W48 7 ] 1,5¢ o7 XS 2 KX Y X
c063173 2 1B ,05s 205w 1,8« o188 Ky Y B 30
Cco8178 7 W15 @ < 05¢ 1,8 o158 5 2 R Y 0
co6170 .18 ° o2* 1,6° 7" W8 2" o $0
06374 7 415 * $03% ,  ,08* 1,9°* WA8% " 02" 8" 100

11



‘“Table |.—Analyses of spring deposits in Dolta County—Continued

N2

Strontiun Vanadiun Yitriun 2ircon  Silicon  Aluminum Sadium Totnanium Gnllium Cermnniun
. Sample (sr) T V) (Y) (i) (s1) (A1) (%a) (K) (Ca) (Go)
. 5 7 10 10 20 100 500 7000 5 10
c06307 5000 " 20 5" 1000 1000 3000 Joo * 023° o
cosYyys $V00 L 5® 5t 1500 1500 Jooo Joo ., 20 L
c05997 3000 L 19 5% 1500 2000 Joov doo * °2° b
cobi08 5000 . 1,5 » 5% 3000 3000 Joov oo ¢ o2t B
Cosy9é 3900 S L 5" cabe 2000 2000 5000 Joo* Y L e
061150 5000 L 20 5% 3000 2000 10000 Joo» o2t 2
cos9vs 3000 L 5t .8% 1000 Jooo S000 Joy * 2® o
coB906 5000 3 10 o5t 7000 2000 5000 Jou* Py A e
co6109 Su0Q 3 30 5%  Jo0O 3000 30000 Joon YLl 2e
cob6103 5000 L 20 Wb 300 500 15000 Joo » 2 W5
coS999 5000 L 5t o5 2000 1500 7000 Jov e 2t r R
cosy0u2 3000 L 50 o5 100 200 10000 Jou ® 2t S
Ch6106 5000 3" 20 o5t 1500 500 7000 Joo® o2t b
CO59E9 5000 3% .5 L 1500 1500 7000 doo» o2t o5
CDb10) 2000 I e o5 1000 1000 7000 doou * 2t B
€06105 7000 10 5" o0t 5000 1000 7000 300* Y L 10
c05%0)3 7000 50 18 70 70000 $0000 30000 20000 7 S 1
CD5882 1500 70 185 150 200000 * 50009 20000 30000 10 .1
CDS5918B 700 100 30 150 200000 * 70000 15000 0000 15 oBe
cpseBy 1500 70 15 100 2000uv * 30000 20009 30000 10 5t
CO5917A 15000 70 30 50 70000 80000 20000 30000 7 30
CDS91BA 700 100 30 150 200000* 70000 15000 30000 18 L
05912 1500 50 - 20 70 200000 * 30000 7000 Juo e i9 10
cDps8913 1500 70 15 70 200000 *® 50000 15000 30000 10 LA
C059178 10000 70 3o 8o 790000 50000 10000 15000 7 20
CD6191A 7000 5 o5* 3o 20000 7000 doo0v 300 * v2® 5
CP618) 5000 1] o0 10 §0000 5000 - 50000 300~ YL oS
cD6179 5000 10 3" 20 _ 20000 7000 50000 1500 * Y A -3
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The seven factors account for 78 percent of the correlation matrix
variance. The element at the top of each column coincides with the
factor axis, and the elements are listed by decreasing order of their
degree of covariance with the axis element. Elements in parentheses
are minor elements of the group and occur as major elements in other
groups; for example, boron, a minor element in the factor-1 group,
is a major element in the factor-2 group. Factor 1 is the most
important process or event in terms of its effect on the covariance
of the metals, and the other factors follow in decreasing order of
importance. The titles are the interpretation; the groups are the
mathematical results.

The seven factors in decreasing order of importance are as
follows: 1intermixture of detrital sand and silt with the spring
deposits by talus creep, stream action, or wind; precipitation of
light-metal salts, apparently chlorides and borates, as a result of
evaporation; precipitation of carbonates; precipitation of barium
sulfate and coprecipitation of radium; intermixture of clay minerals
with the spring deposits by soil wash or in situ formation;
precipitation of sulfides of heavy metals; and precipitation of
ferric hydroxide and the coprecipitation of associated elements.

Some factor groups have a more obvious interpretation than
others. The close relationship between radioactivity, as measured
by equivalent uranium, and barium in factor 4, for example, is
easily interpreted as the coprecipitation of barium and radium in the
spring deposits. On the other hand, the coprecipitating elements
in factor 7 suggest only tentative interpretations. These elements
are extremely mobile; they may come into solution as a result of
alteration and leaching of deposits in the subsurface hydrothermal
system and precipitate at the surface as a result of any number of
changes in the geochemical environment, including change in Eh or
pH, loss of carbon dioxide or hydrogen sulfide gas pressure, or
simple evaporation. Some elements are lost from solution in many
forms; sulfur, for example, is lost as hydrogen sulfide, native
sulfur, sulfate, and sulfide or sulfosalts.
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To determine sample grouping and possible geographic differen-
tiation, the 80 by 33 data matrix was tested by Q-mode factor analysis.
The first seven computed factors were selected for interpretation of
sample groupings; they account for 77 percent of the total variance.
Factors 1 and 6 contain groups with strong negative loadings in the
reordered oblique projection matrix. These two negative groupings are also
considered as factor groups for our purposes and are identified as
groups 8 and 9 respectively.

Seven of the nine sample groups are varieties of travertine,
and two are varieties of precipitates. The travertines are
typical travertine of calcium carbonate and associated elements;
travertines containing ferric hydroxide coprecipitates, namely arsenic
and molybdenum; travertine containing sodium and 1ithium salts;
travertine containing radioactive barite; and travertine mixed with
sedimentary detritus. The precipitates are sulfur-rich precipitates
and light-metal salt precipitates.

The sample groups are partly related to geographic location;
hence, areal variations in the geochemistry of the system can be
identified, as shown in table 3. Travertine containing radioactive
barite is found only at two adjacent localities, Doughty Springs and
the fish hatchery. Travertine containing iron hydroxide coprecipitates
is restricted to the geysers. Travertine containing lithium and
sodium salts is found at Doughty Springs and Austin Springs. Detritus
and light-metal and sulfur-rich precipitates are found at most localities.

Water

Water samples were collected and analyzed to determine the
major and minor element content of the water associated with the
spring deposits. Results of the analyses are given in tables 4 and
5. Chemical analyses of major ions show that, in all springs but one,
sodium is the dominant cation and bicarbonate or chloride is the
dominant anion.

The one spring that is not a bicarbonate or chloride water is
the Alum Spring at Doughty Springs (fig. 10). This acid-sulfate
water has a pH of 2.9 and contains high concentrations of several

minor elements.
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Table 3.--Results of sample factor analysis

Locality Major sample types Significant minor elements

Austin Springs------ Travertine; salt and sulfur Na, Li, B, Hg, Mo
precipitates.

Geyserg-—————=————-- Travertine containing iron Fe, As, Mo, Be, B
coprecipitates.

Sulfur Gulch---——--- Travertine; sulfur precipi- S
tates.

Fish hatchery----——- Travertine containing Ba, eU

radiocactive barite.

Doughty Springs—--- Travertine containing Ba, eU
radioactive barite.
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Table 6.--Radiocactivity of water

Radiun Uraniun Radium enrich- Dominant

Locality Qﬁ“g/l) (kg/1) ment factord anions
Doughty Springs, Alum——-—- 1.5 = 4.5 1 SOA
Fish hatchery adit spring- .55 o 45 A HCOB-804
Doughty Springs, Bathtub-- 2.9 2.5 15 HCOB—Cl
Col. Chinn well--=-———wmw 9.1 .03 880 HCOB—Cl

1The number of times the radium-uranium ratio in the sample exceeds
the radium-uranium ratio at equilibrium. The factor is calculated by
2.9 x lO6 (Ra/U), where Ra is the amount of radium in the sample, in
nmicromicrograms per litre, and U is the amount of uranium in the sample,

in micrograms per litre.
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Table 7.-~Padium and uranium in precipitates

Semple RaeU!  Uranium Radium enrich-
Locality no, (ppm) (ppm) ment factor
(RaelU/U)
Figh hatchery---—- CD5979 4830 2.76 1750
CD5991 5500 2,47 2230
Doughty Springs--~ CD5982 2720 2.66 1020
CD5983 3690 2.04 1810
GD5985 1000 2.13 470
CD6107 1130 37 3050
CD6108 1830 e 22 8320

1Radium equivalent uranium, the amount of uranium that would be
required for radioactive equilibrium with the amount of radium actually

in the sample, as determined by gamma-ray spectrometry.
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The precipitates contain more thorium than uranium, as determined
by delayed neutron analysis, and probably reflect an abundance of
thorium over uranium in the source rocks. Five samples average nearly
twice as much thorium as uranium (table 8). One highly radioactive
soft precipitate from a small spring east of the main shelf at Doughty
Springs (fig. 12) was analyzed by J. N. Rosholt and C. M. Bunker
using gamma-ray spectrometry. It contains some radium-226, the
daughter product of uranium-238, but consists mainly of radium-228 and
and its daughter thorium-228, both daughter products of thorium-232
(fig. 13). The sample contains radium-226 in an amount that would
require 0.18 percent uranium-238 for equilibrium support, radium-228
in an amount requiring 0.75 percent thorium-232 for support, and
thorium-228 in an amount requiring 0.40 percent thorium-232. Lack
of equilibrium between radium-228 and its daughter thorium-228
indicates that the sample, which is a precipitate that is still
forming, has been accumulating over the last 2 to 2 1/2 years and had
an original amount of radium-228 requiring 0.87 percent thorium-232
for equilibrium support. The high original ratio of radium-228
to radium-226 in this sample, a ratio of nearly 5 to 1, indicates
that the radioactive source minerals for this spring are higher in
thorium than in uranium, a feature more typical of vein-type than
of sandstone-type uranium deposits.
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Table 8.—-Thorium and uranium in precipitates

Locality Sample  Thorium Uranium Thorium/

no, (ppm)_ (ppm) uranium
Fish hatchery---—-- CD5977 18.41 12.14 1.52
CD5979 5.00 2.76 1.81
CD5991 5.38 2.47 2.18
Doughty Springs——; CD5982 5.26 2.66 1.98
CD5983 4,03 2.04° 1.98
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Conclusions

The location of the mineral deposits that supplied the radio-
active elements to these springs is still speculative. Fresh water
is available in large quantities at the fish hatchery and on the
mesas to the north from a perched water table in the Quaternary
deposits overlying the Mancos (fig. 14). This water does not intermix
with the gaseous hydrothermal solutions flowing along the parting
and bedding planes of sandstones in the basal Mancos Shale, in the
Dakota Sandstone, and along the disconformity at the top of the
Morrison Formation. (The hydrothermal pipeline may also include the
Jurassic-Precambrian unconformity; at this contact in the Gunnison
River canyon at the mouth of Smith Fork is a breccia cemented with an
unusual calcite-barite matrix reminiscent of the composition of some
travertine.) The rate of movement of the mineral water is unknown,
but the volume of flow for the whole study area--estimated to be on
the order of 250,000 gallons per day--indicates a fairly rapid rate.
In the Hotchkiss area the movement, under pressure of expanding gases,
is apparently updip and generally from east to west.

Relations of older travertine aprons to the geomorphology of
the area suggest that the age of the springs and the hydrothermal
system is in the range from 50,000 to 200,000 years before present.
The warm (41°C) temperature of water at the Col. Chinn well near
Paonia suggests that the source of hydrothermal activity is in the
eastern part of the area, perhaps within 5 to 20 kilometres of the
well.

The large quantities of radium that have been deposited in the
springs or transported into the Gunnison River while the springs
have been active suggest that proportionately large quantities of
uranium remain in the igneous source rock or in deposits associated
with the hydrothermal pipeline, possibly at depth.
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